abor induction performed by medical reason is associated with increased rates of cesarean section, mainly in nulliparous patients 3 . Bishop score has been widely used for to determine the success of labor induction. But the subjective nature and limitations of this scoring system can reduce the predictive power for the success of labor induction 4,5 . Studies have demonstrated the benefits of transvaginal ultrasonographic evaluation of the cervix to predict the success of labor induction over the clinical examination 6-8 . Because transvaginal ultrasonography provides better measurement of the cervix. Many studies evaluated only the cervical length at the time of induction, but not the dynamic changes of the cervix during labor. The present study aimed to measure the dynamic changes of the cervix during labor for the prediction of success of labor induction. n addition, the present study also determined the cut-o values of cervical shortening at 4th and 8th hour of induction of labor.
Material and Method
This is a prospective observational study. From August 2013 to December 2013, 201 women were prospectively recruited for the study at Bursa uksek htisas esearch and Training ospital, Department of Gynecology and bstetrics. Study was approved by the nstitutional Ethics Committee. All patients gave written consent to participate inthe present study. During the study period, 6441 women delivered at our center and 1281 (19.8 ) consecutive women underwent labor induction. 1080 of these women were excluded because they did not meet the inclusion criteria (n 827) or they declined to participate (n 253). 201 patients included in the study. The inclusion criteria were as follows: singleton pregnancy alive fetus cephalic presentation gestational age between 37 and 41 weeks (determined by the date of the last period and confirmed by first-/second-trimester ultrasound) absence of premature rupture of the membranes normal fetal well-being on cardiotography (before and during labor) absence of contractions and/or onset of labor absence of previous uterine scars (cesarean, metroplasty, myomectomy). For all participants, data on age, gravidity, parity, gestational week at delivery, systemic disorders, body mass index (BM ) at the time of delivery and indications for induction were recorded. The patients first underwent a standard complete evaluation. Bishop score assessed by an expert obstetrician who were blinded to the results of the ultrasound. All women underwent cervical assessment by transvaginal ultrasound by one of the authors (EA) using an ESA TE My ab Six (ESA TE, Genoa, taly) e uipped witha 5 M transvaginal probe. First the patient empty her bladder. An endovaginal probe was placed in the anterior vaginal fornix. ltrasound measurement of cervical length was made in the sagittal plane along the length of the endocervical canal with simultaneous visuali ation of theinternal and external cervical os. For those with Bishop score 6 or more (favorable cervix for labor induction) for labor induction, intravenous oxytocin (5 of oxytocin diluted in 500 m of ringer lactate solution, starting with 2 m /min) was used to obtain labor s active phase according our routinely clinical protocol. xytocin dose was regularly increased every 15 minutes by 2 m /min until 3-5 contractions per 10 minutes were achieved. Maximum dosage was 32m /min. f the Bishop score less than 6 (unfavorable cervix for labor induction) preinduction cervical ripening was performed using 10 mg of controlled-release dinoprostone inserted as a single dose(Propess 10 mg, Controlled Therapeutics, East Kilbride, Scotland) until the Bishop score became 6 or more. Then dinoprostone vaginal insert removed and complementary oxytocin was used when ade uate. f the Bishop score remained unfavorable a er 24 hours of dinoprostone insertion then vaginal insert removed and patient underwent cesarean section. Continuous electronic fetal heart rate monitoring was employed to all patients. Artificial amniotomy was performed when a cervical dilatation of 5 7 cm was achieved. Artificial amniotomy was not performed until the cervix was dilated to at least 5 cm and the vertex was engaged. For the purpose of the study, we defined an induction a ssuccessful only if vaginal delivery was achieved. ltrasound measurement of cervical shortening was calculated at 4th and 8th hours of induction. Data processed by statistics programme for social scientists for indows 21.0 (SPSS, Chicago, , SA). Normal data distributionwas analy ed via the Kolmogorov Smirnov test. esults were presented as the mean SD. Demographic characteristics of the patients were analy ed using the t test, 2 test, and the Fisher s exact test, where appropriate. n order to deal with uncertainty in estimation, we generated 95 confidence intervals for posttest probabilities around the point estimate. verall logistic regression analysis was used to examine the relationship between the degree of cervical length shortening and successful labor induction. eceiver operating characteristic ( C) curves and area under the curve (A C) values were used to determine the cut-o values of cervical shortening for successful labor induction. P 0.05 was considered statistically significant.
Results
The characteristics of the study group are listed in Table 1(Table 1 ). Maternal age, gestational age and body mass index did not di er between the vaginal delivery and cesarean section groups. ligohydroamnios (n:70, 34.8 ) was the most common indication for labor induction. Postmaturity (n:67), intra-uterine growth restiriction (n:28), non-reassuring NST (n:21) and hypertension (n:15) were the other indications for induction ( Table  2 ).The method of induction was administration of: both dinoprostone and oxytocin(n 103), oxytocin only (n 98 ).
ne hundred thirty seven (68.2 ) women had a vaginal delivery. Cesarean delivery was performed in the other (n:64, 31.8 ) women for the following indications: failure to progress (n 43) and induction failure(n 21). Mean preinduction cervical length in the vaginal delivery group was 29.6 7.4 mm and in the cesarean section group was 31.5 7.4 mm (p:0.09, Table  1 ). Mean Bishop score in the vaginal delivery group was significantly higher than in the cesarean group (P 0.001). Cervical shortening from beginning to 4th hour of induction, 4th hour to 8th hour of induction and from beginning to 8th hour of induction were significantly higher in vaginal delivery group 26.8 19. 5 (Table 3) . eceiver operating characteristic ( C) curves analysis showed that optimal cervical shortening cut-o values for successful labor induction were 10 mm (beginning to 4th hour) with 66 sensitivity, 44 specificity(95 C , A C: 0.580) 14 mm (4th hour to 8th hour) with 73 sensitivity, 52 specificity(95 C , A C: 0.657) and 30 mm (beginning to 8th hour) with 66 sensitivity, 62 specificity (95 C , A C: 0.667) respectively (Figure 1 ). hen the Bishop s score 5 or less, vaginal delivery group still have significantly higher cervical shortening degree (Table 4) .
Discussion
The exact process of cervical ripening is not clearly established 9 . Cervical ripening and cervical shortening are dynamic processes. owever, evaluation of the preinduction cervical length and assessment of Bishop score are not enough to predict successful induction of labor, also cervical shortening should be included.
ur results support that cervical shortening and Bishop score may predict vaginal delivery with reasonable accuracy. n vaginal delivery group, preinduction mean cervical length was lower, mean Bishop score and cervical shortening degree was higher compared with cesarean section group. Assessment of cervical shortening at 4th and 8th hour of labor may be useful for predict the success of labor induction with moderate sensitivity and specificity. ur data shows that, cut-o values for 4th and 8th hour cervical shortening were 10 mm and 30 mm respectively. Cervical shortening degree at 4th and 8th hour are useful too even if cervix is unfavorable (bishop score 5 or less). The performance of the Bishop score has been evaluated in various studies 10-12 . owever, Bishop score has limitations 7,11,13 . Bishop Score is more favorable for multiparous women. t demonstrates intra-and inter-observer variability 14 . A potential advantage of transvaginal ultrasound assessment compared with Bishop score is that ultrasound measurement may provide a more objective assessment. Eggebo et al. suggested that T S is superior to digital examination in the prediction successful labor induction 15 . This study demonstrated that measurement of cervical length during labor is useful for prediction of successful labor induction, but it can be prompt to fault if: -Performing measurement of cervical length during uterine contraction by ultrasound -nsu cient experience of using transvaginal ultrasound prob for measuring cervical length -performing the measurement with low-uality ultrasound devices. All these handicaps may cause incorrect results and assumed as drawbacks of our study. Cervical dilatation and e acement are dynamic processes during labor. Bishop score and preinduction cervical length measurement provides moderate prediction for successful labor induction. Assessment of cervical shortening combined with Bishop score during labor may provide a better prediction. Authors contributions: This work was carried out in collaboration by all authors. Authors EA,TC and EK wrote the first dra s of the manuscript. Author BB,MT managed the literature search. Author E revised and edited the manuscript. All authors read and approved the final manuscript.
